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SUMMARY 
 
In  modern  world  simulation  has  become  a  fundamental  tool  in  analyzing  real  life 
situations. Creating a model can sometimes be the only way to study a project and 
most of times it is the most fruitful method.  
Through simulation it is possible to manage bottlenecks, improve order-management 
systems and to estimate warehouse capacity testing different plausible scenarios to 
improve the process before running the real system. 
The aim  of this  work  is first  explain  basic  concepts  of simulation,  and  in  particular 
computer simulation, and then apply them to concrete situations, from the simplest to 
the more realistic ones.  
The expected result is to give the reader a basic knowledge of how simulation can be 
helpful  in  different  occasions  and  to  provide  the  means  to  create  basic  and 
intermediate realistic models. 
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CHAPTER 1: Introduction to simulation  
1.1.Introduction 
Simulation  attempts  to  model  real-life  or  hypothetical  situations  to  study  how  the 
system works, usually with appropriate softwares. 
Computer simulation deals with models of systems. A system can be defined as a 
process, either actual or planned. 
Examples of different systems can be: 
  A distribution network of plants, warehouses and transportation links; 
  A supermarket with inventory control, checkout, and customer service; 
  A manufacturing plant with machines, people, transport devices, conveyor belts 
and storage space. 
Sometimes it might be possible to experiment with the actual physical system, like 
experimenting with different traffic lights sequences, but sometimes it is too difficult, 
costly or impossible to do physical studies on the system itself like in the case of an 
existing factory (it might be extremely costly to change to an experimental layout). 
Two of the most important kinds of models that can be highlighted are: physical models 
and logical (or mathematical) models: 
  Physical models can be both tabletop models that are miniature versions of the 
facility and a full-scale version simulating the facility itself. 
  Logical (or mathematical) models are usually represented in a computer program 
that is exercised to address questions about the model’s behavior. 
If the model is simple enough it is possible to use traditional mathematical tools like 
queueing  theory,  differential-equation  methods  or  linear  programming  but  most 
systems subject of study are so complicated and may not be possible to find exact 
mathematical solutions, which is where simulation comes in. 
In this discussion will be analyzed only logical models using a simulation software, 
Arena
® by Rockwell Automation.  
 7 
 
1.2.Computer simulation 
1.2.1.Pros and cons of computer simulation 
Computer  simulation  refers  to  methods  for  studying  a  wide  variety  of  models 
reproducing a wide variety of real-world systems by numerical evaluation; in the last 
three  decades  simulation  has  been  considered  as  the  most  powerful  and  popular 
operations  research  tool.  The  reason  for  this  is  that  the  model  can  be  allowed  to 
become  extremely  complex,  so  it  can  represent  faithfully  the  system  while  other 
methods  may  require  stronger  simplifying  assumptions  about  the  system  to  enable 
analysis, which might bring the validity of the model into question. 
On the other hand simulation is not always as easy as it seems: many real systems are 
affected  by  random  inputs,  and  consequently  many  simulation  models  involve 
stochastic input components causing their output to be random too. 
 
1.2.2.Different kinds of simulation 
There are many different ways to classify simulation models, but a useful way is along 
these three dimensions: 
  Dynamic or Static: Time plays a natural role in static models but does not in static 
ones. Most operational models are dynamics and Arena was designed to best fit 
with this kind of models. 
  Discrete  or  Continuous:  In  a  discrete  model  changes  occur  only  at  specified 
points  in  time  while  in  a  continuous  model  the  state  of  the  system  changes 
continuously over time. A discrete model can be a manufacturing system where 
parts arrive and leave following a specific timetable; a water reservoir with water 
flowing in and out is a perfect example of a continuous model. In the same model 
can be present elements of both discrete and continuous change: these models 
are called mixed continuous-discrete models. 
  Deterministic  or  Stochastic:  Models  with  no  random  inputs  are  called 
deterministic models while stochastic models operate with at least some random 
inputs. Due to the randomness of the inputs, even the outputs of a stochastic 
model are uncertain and the analyst has to consider this carefully in designing 
and interpreting the results of this kind of projects. 8 
 
CHAPTER 2: Queueing theory 
2.1.Bases of queueing models 
Queues (or  waiting lines) are necessary when customers wait for  a service as the 
service capacity is not sufficient to supply the service at once. 
In a queueing model: 
  Customers are generated by an input source. 
  Customers arrive according to an arrival rule. 
  Customers enter the system by joining a queue. 
  A customer is chosen according to a queue discipline. 
  The chosen customer obtains the required service. 
  The service follows a service rule. 
  The customer who obtained the service exits the system. 
 
 
Source       Arrival rule       Queue          Service rule          Service          Exit 
The input source may have either infinite or finite population; if the population is infinite 
it is not altered by additional customers entering the system. 
Customer arrival is ruled by the interarrival time distribution. 
Queues may be either infinite or finite (in this case we cannot exceed a maximum 
capacity). 
Queue  discipline  may  be  FIFO  (First  In  First  Out),  LIFO  (Last  In  Last  Out),  SIRO 
(Service In Random Order), sorted (according to a priority), PS (Processor Shared) or 
AS (Ample Server). 
It  is  possible  to  have  one  or  multiple  servers;  if  multiple  we  have  parallel  service 
channels. 
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2.2.Labelling of queueing models 
Queueing  models  can  be  represented  using  Kendall’s  notation:  A/B/S/K/N/D. 
“A” is the interarrival time distribution (or arrival rule), “B” is the service time distribution, 
“S” is the number of servers (parallel channels), “K” is the maximum system capacity or 
the maximum number of customers in the system, “N” is the source population and “D” 
is the service discipline assumed (FIFO, LIFO, SIRO, PRIOR, PS or AS). 
Some standard notation for interarrival time and service time distributions are: M for a 
memoryless  or  Markovian  (exponential)  time,  G  for  general  (arbitrary)  time,  D  for 
degenerate distribution and Ek for an Erlang distribution with k phases. 
By default the service discipline is considered as First In First Out (FIFO), while both 
system  capacity and source population are assumed as infinite so,  using Kendall’s 
notation, we can have for example  M / M / 1  or  M / G / 1  or  M / M / S. 
 
2.2.1.Formal model of M type arrivals 
Given 0 as current instant, t as any instant > 0 and τ as the instant of next arrival, the 
process may be described in two equivalent ways: 
                                         
                   
Where λ is a positive real number and o(Δt) is an infinitesimal  of upper order with 
respect to Δt. 
Obviously the interarrival time is exponentially distributed, λ is the arrival rate, or the 
mean number of arrivals in time unit and 1/λ is the mean interarrival time. 
The value of λ may be a constant (infinite source population and homogeneous system 
with  infinite  capacity),  dependent  on the  number  of  customers  in  the system  (finite 
source population or finite capacity of the system) or dependent on other parameters. 
This  kind  of  process  is  considered  without  memory,  or  rather  the  evolution  newly 
begins at every instant. 
The sum of I markovian processes with λ1, λ2, … , λI is a markovian process with λ= 
λ1+λ2+…+λI. 10 
 
2.2.2.Formal model of M type service 
Given 0 as current instant, t as any instant > 0 and τ as the instant of service end, even 
M type service may be described in two equivalent ways: 
                                         
                   
Where μ is a positive real number and o(Δt) is an infinitesimal of upper order with 
respect to Δt. 
In this kind of service μ is the mean number of services in time unit, or the service rate, 
if all servers are always busy, 1/μ is the mean service time and the service time is 
exponentially distributed. 
The service rate may be constant (only one server and any discipline), dependent on 
the  number  of  customers  in  the  system  (multiple  servers)  or  dependent  on  other 
parameters. 
In this case, as well as M type arrivals, the process is considered without memory. 
 
 
2.3.M/M/S queues 
Considering n0 as the initial state, if n0=1, 2, …, N then the queue will remain in the 
same state for a time τ, exponentially distributed with parameter λ+μ, after which there 
will occur: either an arrival with probability λ/(λ+μ) or an exit with probability μ/(λ+μ). If 
n0=0 then the queue will remain in the same state for a time τ, exponentially distributed 
with parameter λ, after which there will occur an arrival with probability 1. 
After the transition from the initial state the queue will evolve in the same way from the 
state just reached, without any memory of its previous evolution. 11 
 
CHAPTER 3: Fundamental Simulation Concepts 
3.1.Probability distributions 
Arena software contains various built-in functions for generating random variates from 
the commonly used probability distributions. Each distribution has in Arena one or more 
parameter values associated with it and is required to specify these parameter values. 
A summary of the distributions and parameter values is given in Table 3-1. 
Distribution  Parameter Values 
Beta  BETA  BE  Beta, Alpha 
Continuous  CONT  CP  CumP1, Val1,…CumPn, Valn 
Discrete   DISC  DP  CumP1, Val1,…CumPn, Valn 
Erlang   ERLA  ER  ExpoMean, k 
Exponential  EXPO  EX  Mean 
Gamma  GAMM  GA  Beta, Alpha 
Johnson  JOHN  JO  Gamma, Delta, Lambda, Xi 
Lognormal  LOGN  RL  LogMean, LogStd 
Normal  NORM  RN  Mean, StdDev 
Poisson  POIS  PO  Mean 
Triangular  TRIA  TR  Min, Mode, Max 
Uniform  UNIF  UN  Min, Max 
Weibull  WEIB  WE  Beta, Alpha 
Table 3-1. Arena’s probability distributions 
These distributions can be specified by using two different formats: the primary format 
can be selected by using the variable’s full name or a four-letter abbreviation of the 
name  (first  or  second  column  of  Table  3-1),  the  secondary  format  is  selected  by 
specifying the distribution with a two-letter abbreviation (third column of the table). 
In the primary format it is necessary to explicitly enter the parameters of the distribution 
as arguments, for example TRIA(1, 2, 3); in the secondary format the parameters refer 
to a parameter set within the Elements panel, for example TR(ProcessTime) specifies 
a  Triangular  distribution  with  the  min,  mode  and  max  defined  in  the  ProcessTime 
parameter set. 12 
 
3.1.1.Discrete distribution 
DISCRETE(CumP1, Val1,…, CumPn, Valn) or DISC(CumP1, Val1,…, CumPn, Valn) or 
DP(ParamSet) 
 
This discrete empirical distribution is used to incorporate discrete empirical data directly 
into the model. It is frequently used for discrete assignments such as job type, the 
visitation sequence or the batch size for an arriving entity. 
The  Discrete  function  returns  a  sample  from  a  user-defined  discrete  probability 
distribution  defined  by  the  set  of  n  possible  discrete  values  (x1,…,xn)  that  can  be 
returned  by  the  function  and  the  cumulative  probabilities  (c1,…,cn)  associated  with 
these discrete values. 
                                        
 
3.1.2.Erlang distribution 
ERLANG(ExpMean, k) or ERLA(ExpMean, k) or ER(ParamSet) 
 
The Erlang distribution is commonly used when an activity occurs in successive phases 
and each of these has an exponential distribution; This distribution is often used to 
represent the time required to complete a task. 
The mean (β) of each of the component exponential distributions and the number of 
exponential random variables (k) are the parameters of this distribution. 13 
 
        
        
  
   
        
                  
                                               
               
 
3.1.3.Exponential distribution 
EXPONENTIAL(Mean) or EXPO(Mean) or EX(ParamSet) 
 
The exponential distribution is used to model intervent times in random arrival and 
break-down processes, but is usually inappropriate for modeling process delay times. 
The mean (β) is the parameter of this distribution, and is a positive real number. 
        
 
 
 
  
                   
                            
  
 
3.1.4.Normal distribution 
NORMAL(Mean, StdDev) or NORM(Mean, StdDev) or RN(ParamSet) 
 
This kind of distribution is used when the central limit theorem applies and, empirically, 
for processes that appear to have a symmetric distribution. Because normal distribution 
has  a  theoretical  range  of           it  can  not  be  used  for  positive  quantities  like 
processing times 
The mean (μ) is a real number and standard deviation (σ) is a positive real number. 14 
 
      
 
    
                                        
 
3.1.5.Triangular distribution 
TRIANGULAR(Min, Mode, Max) or TRIA(Min, Mode, Max) or TR(ParamSet) 
 
This distribution is used when the exact form of the distribution is unknown but are 
available estimates for the minimum, the most likely and the maximum values. 
The minimum    , mode     and maximum     values for the triangular distribution are 
real numbers with          . 
      
 
 
 
 
 
        
              
                  
        
              
                  
                                                 
  
 
3.1.6.Uniform Distribution 
UNIFORM(Min, Max) or UNIF(Min, Max) or UN(ParamSet) 
 
The uniform distribution is used when all values over a finite range are considered to 
be equally likely; it is sometimes used when no information other than the range is 
available. 15 
 
The minimum (a) and the maximum (b) values are real numbers with a<b. 
        
 
     
                  
                                
  
 
3.1.7.Weibull distribution 
WEIBULL(Beta, Alpha) or WEIB(Beta, Alpha) or WE(ParamSet) 
 
The weibull distribution is used in reliability models to represent the lifetime of a device. 
If  a  system  consists  of  a  large  number  of  parts  that  fail  independently,  and  if  this 
system  fails  when  any  single  part  fails,  then  the  time  between  successive  failures 
follows the weibull distribution. 
Scale parameter     and shape parameter     are positive real numbers. 
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3.2.Parts of a simulation model 
3.2.1.Entities 
Many simulation, or more properly most of them, involve entities that move around the 
system, affect and are affected by other entities and the state of the system, change 
status  and  affect,  obviously,  the  output  performance  measures.  Entities  are  the 
dynamic objects involved in Arena simulation. All entities have to be created, either by 
the analyst or automatically by the software. Usually, while modeling a system, entities 
are the first thing to think about to have an idea of what have to be represented in the 
system itself. Most entities represent “real” things in a simulation but sometimes could 
be useful to use logic entities, which do not correspond to anything tangible but can be 
conjured up to take care of certain modeling operations.  
 
3.2.2.Attributes 
Attributes are common characteristics of all entities, with a specific value that can differ 
from one entity to another and are attached to Arena entities to individualize them. 
Their values are tied to specific entities: the same attribute will usually have different 
values for different entities 
As an instance part entities could have different attributes called Priority, Color and 
Due Date to indicate these characteristic for each individual entity; is up to the analyst 
to  figure  out  what  attributes  an  entity  needs,  name  them,  assign  values  to  them, 
change them as appropriate and then use them when it is time. 
 
3.2.3.Variables 
A variable (or global variable) is a piece of information that reflects some characteristic 
of the system, regardless of what kinds  or how many entities might be in the system 
itself. 
There  are  two  different  kinds  of  variables:  user-defined  variables  or  Arena  built-in 
variables. For instance user-defined variables should be mean service time, travel time 
or  current  shift  while  Arena  built-in  variables  should  be  number  in  queue,  current 
simulation clock time or number of busy servers. 17 
 
Unlike attributes, variables are not tied to any specific entity, but rather pertain to a 
system at large. 
As an example the time to move between two subsequent stations in a model might be 
the  same  irrespective  of  the  stations,  so  a  variable  called  TransferTime  could  be 
defined  and  set  to  the  appropriate  value  and  used  whenever  this  constant  time  is 
needed. 
 
3.2.4.Resources 
Resources in arena represents things like personnel, equipment or space in a storage 
area of limited size. An entity seizes units of a resource when available and releases it 
(or them) when finished. 
A resource can represent a group of several individual servers, each of which is called 
a unit of the resource.  
 
3.2.5.Queues 
When an entity cannot move on, perhaps because it needs to seize a unit of a resource 
that is tied up by another entity, it needs a queue to wait for that resource. 
In Arena queues can have limited capacities to represent, for example, limited buffer 
space. 
 
3.2.6.Events 
An event is something that happens at a certain instant of simulated time that might 
change attributes, variables or statistical accumulators. 
To execute a simulation has to keep track of the events that are supposed to happen in 
the simulated future: this information is stored in an event calendar. 
In our first example there are three kinds of events: 
  Arrival: A new part enters the system. 
  Departure: A part finished its service at the drill press and leaves the system. 
  The End: The simulation is stopped after 20 minutes. 18 
 
3.2.7.Simulation Clock 
The  current  value  of  time  in  the  simulation  is  simply  held  in  a  variable  called  the 
simulation clock. Unlike real time the simulation clock does not take on all values and 
flow continuously but it lurches from the time of one event to the time of the next event 
scheduled to happen. 
While we will keep track of the simulation clock and event calendar ourselves in the 
hand  simulations,  these  are  clearly  important  pieces  of  any  dynamic  simulation  so 
Arena keeps track of them: the clock is a variable called TNOW. 
 
3.2.8.Statistical Accumulators 
To  get  output  performance  measures  the  analyst  has  to  keep  track  of  various 
intermediate statistical accumulator variables such as the number of parts produced so 
far, the longest time spent in queue, the longest time in system seen so far, and so on. 
 
3.3.Overview of a simulation study 
Deciding how to model a system several aspects tend to come up frequently: 
  Understand the system: The analyst must have an intuitive, down-to-earth feel of 
how this particular system works. 
  Be clear about goals: Realism has to be the watchword; one of the first things to 
do is understand what can be learned from the study and specify about what is to 
be observed, manipulated, changed and delivered. 
  Translate into modeling software: Once the modeling assumptions are agreed 
upon, represent them faithfully in the simulation software. 
  Verify  that  your  computer  representation  represents  the  conceptual  model 
faithfully: Probe the extreme regions of the input parameters, verify that the right 
things happen with obvious input. 
  Validate the model: Do the input distributions match what has been observed in 
the real system? Do the output performance measures from the model match up 
with those from reality? 
  Analyze the results: It is fundamental to carry out the right kinds of statistical 
analyses to be able to make accurate and precise statements. 19 
 
3.4.Building a simple model 
Introducing Arena software we start from a very simple case of a model representing 
queues or waiting lines. 
In a portion of a manufacturing facility, “blank” parts arrive to the drilling center; if the 
drill press is idle the parts is processed instantly, otherwise it waits in a FIFO (First In 
First Out) queue. After the drill process the parts leave the system. In Figure 3-1 is 
possible to see the logical structure of this first simple system. 
 
Drilling Center 
Arriving Blank                                                                          Departing 
              Parts                                                                                Finished Parts 
 
                     Queue                  Drill Press 
                                                                                                                 Part in process 
 
Figure 3-1. Drilling system 
 
First of all open Arena software and attach the panels needed if they are not in the 
Project Bar (on the left side of the screen). To attach a panel, identifiable by its .tpo file 
extension, just click on File > Template Panel > Attach and choose the desired panel 
from the Template folder, usually this folder is under the Arena folder, as shown in 
Figure 3-2. To create this simple model we need only the Basic Process Panel. 
This model requires one instance of each of three flowchart modules: Create, Process 
and Dispose; to add an instance just drag its icon from the Project Bar to the flowchart 
view of the model and drop it. 
If Object > Auto Connect is selected and the modules are dragged in the sequential 
order of the model Arena will connect them in the right order (as shown in Figure 3-3). 
 
    
    Figure 3-2. The Attach Template Pan                 Figure 3-3. Initial Placement 20 
 
3.4.1.The Create Module 
Open the Create module by double clicking it: edit the Name of the instance to Part 
Arrives to System, the Entity type to Part, the Time Between Arrivals Value to 5 and 
Time Units to Minutes. The complete dialog box is shown in Display 3-1. 
 
Display 3-1. Part Arrives to System 
 
 
3.4.2.The Entity Data Module 
Clicking the Entity data module in the Project Bar (Display 3-2) is possible to see all the 
entities involved in this simulation. In this first example the only entity is Part and we 
want  to  change  its  picture  from  “Report”  to  “Blue  Ball”:  to  do  this  just  choose 
Picture.Blue Ball from the Initial Picture List. 
 
Display 3-2. Project Bar 21 
 
3.4.3.The Process Module 
As shown in Display 3-3 since the Action specified includes Seizing a Resource, it is 
necessary to click the Add button and open the Drill Press Resource in the secondary 
dialog box. 
 
Display 3-3. The Process Module 
 
 
3.4.4.The Dispose Module 
The only edited thing is the default name which has been changed to Part Leaves 
System, as shown in Display 3-4. 
 
Display 3-4. The Dispose Module 
 
 
3.4.5.Dynamic Plots 
To  make  a  plot  from  a  scratch  just  press  the  Plot  Button  on  the  Animate  toolbar 
(Display 3-5) to get a blank Plot dialog box then edit data while watching the sample 
area at the bottom to preview the plot setup, though the curve is just a schematic and 
will not match the data generated during the simulation.  22 
 
 
Display 3-5. The Animate Toolbar 
 
 
In  the  Data  Series  tab  we  change  the  name  to  Queue  Length,  the  expression  to 
NQ(Drilling Center.Queue) and the Line Style to Stairs as shown in Display 3-6. The 
expression NQ(Drilling Center.Queue) shows the current number in queue and can be 
written in the Expression field of the Data Series tab or chosen from the Expression 
Builder accessible via the pull-down in the Expression field (Display 3-7). 
 
Display 3-6. Plot Dialog Box 
 
 
In  the  Axes  tab  >  Time  (X)  Axis  we  modify  the  Scale  >  Maximum  to  20,  Scale  > 
MajorIncrement to 5, Title > Text to Time (Minutes) and put true to Title > Visible. In the 
Left Value (Y) Axis Properties we change Scale > MajorIncrement to 1, Title > Text to 
Queue Length and choose True on Title > Visible. 
In the Legend tab just uncheck the Show Legend box. 
The plot for the number busy at the drill press is quite similar so duplicate the Queue 
Length one (Ctrl+D) and edit it. 
In  the  Data  Series  tab  >  Source  Data  change  the  name  to  Number  Bust  and  the 
Expression to NR(Drill Press); this expression can be found in the Expression Builder: 23 
 
Basic Process Variables → Resource → Usage → Current Number Busy and select 
Drill Press under Resource Name. 
In the Axes tab > Left Value(Y) Axis under Scale change the Maximum to 2 and set 
AutoScaleMaximum to False from the pull-down; under Title set Text to Number Busy. 
 
Display 3-7. Expression Builder 
 
 
 
 
3.4.6.Resource Animation 
Animating the state of a Resource (showing when the Drill Press is Idle or Busy in our 
first example) can be a good idea to give a visual idea of how the system works. 
Search on Tool > Arena Symbol Factory the best picture that represents the Resource, 
for the Drill Press I chose the pictures shown in Display 3-8 and Display 3-9 for the Idle 
and the Busy state. 
 
Display 3-8. Press Idle 
 
Display 3-9. Press Busy 
 
 
Copy the selected image, open the Resource button on the Animate toolbar and from 
the identifier pull-down select the desired resource (in our situation the only resource is 
Drill Press). Delete the Inactive and Failed status from the left list because they are not 24 
 
present in this simulation. In the right list click add, open the blank icon, paste the 
previously copied image and close the window, this image will appear in this pictures 
set. Repeat the procedure for the other picture. To associate the picture to the status 
select the Idle status from the left list, the picture shown in Display 3-8 from the right list 
and press  ‹‹  (the same has to be done for the Busy status and the picture shown in 
Display 3-9). Save the library and then close the window: now select the area where 
the picture has to appear. 
The completed model should appear as in Display 3-10. 
 
 
 
Display 3-10. The Completed Model 
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CHAPTER 4: A BASIC MODEL 
4.1.An Electronic Assembly and Test System 
4.1.1.System description 
This  first  system  represents  the  final  operations  of  the  production  of  two  different 
sealed electronic units, as shown in Figure 4-1  
 
                              Part A Prep                                                                               Rework                      
SCRAPPED 
         Part A                                                                                                                                     20%                      
       EXPO(5) 
                                                                           Sealer                 9%                                           
                             TRIA(1, 4, 8)                                                                              EXPO(45)                     
SALVAGED 
                                                                                              
AND SHIPPED 
 
Arrivals 
Part A 
TRIA(1, 3, 4)           91% 
 
                              Part B Prep    Part B 
         Part B        WEIB(2.5, 5.3) 
       EXPO(30)                                                                                                                                           
SHIPPED 
       Batches of 4 
                             TRIA(3, 5, 10) 
 
Figure 4-1. Plan of the System 
 
 
The first units, called Part A, are produced in an adjacent  department, outside the 
bounds  of  this  model,  with  interarrival  times  to  our  model  being  exponentially 
distributed with a mean of 5 (all times are expressed in minutes). 
Upon arrival, they are transferred instantly to the Part A Prep area, where the part is 
deburred and cleaned; the process time for the combined operation at the Part A Prep 
area follows a TRIA(1, 4, 8) distribution. The part is then transferred instantly to the 
sealer. 
The second units, called Part B, are produced in a different building, also outside this 
model’s bounds, where they are held until a batch of four units is available; the batch is 
then  sent  to  the  final  production  area,  object  of  this  model.  The  time  between  the 
arrivals of successive batches of Part B to our model is exponential with a mean of 30 
minutes. Upon arrival at the Part B Prep area, the batch is separated into the four 
individual units, which are processed individually from here on, and the individual parts 
proceed (instantly) to the Part B Prep area. The processing at the Part B Prep area has 26 
 
the same two steps as at the Part A Prep area, except that the process time for the 
combined  operations  follows  a  TRIA(3,  5,  10)  distribution.  The  part  is  then  sent 
instantly to the sealer. 
At the sealer operation, the electronic components are inserted, the case is assembled 
and sealed, and the sealed unit is tested. The total process time for these operations 
depends on the part type: TRIA(1, 3, 4) for Part A and WEIB(2.5, 5.3) for Part B (where 
2.5 is the scale parameter β and 5.3 is the shape parameter α). Ninety-one percent of 
the  parts  pass  the  inspection  and  are  transferred  immediately  to  the  shipping 
department; whether a part passes is independent of whether any other parts pass.  
The  remaining  parts  are  transferred  instantly  to  the  rework  area  where  they  are 
disassembled, repaired, cleaned, assembled and re-tested. Eighty percent of the parts 
processed at the rework area are salvaged and transferred instantly to the shipping 
department as reworked parts, the rest are transferred instantly to the scrap area. The 
time to rework a part follows an exponential distribution with mean of 45 minutes and is 
independent of part type and the ultimate disposition (salvaged or scrapped). 
The  purpose  of  this  simulation  is  to  collect  statistics  in  each  area  on  resource 
utilization, number in queue, time in queue and the cycle time (or total time in system) 
separated out by shipped parts, salvaged parts or scrapped parts. 
Initially the simulation will be run for four consecutive 8-hour shifts, or 1920 minutes. 
 
4.1.2.Building the model 
First of all open a new window and place the necessary modules on the screen. The 
model we are going to develop is constituted by two Create modules, two Assign, four 
Process, two Decide, three Record and three Dispose modules. 
After having disposed these models as shown in Display 4-1 connected by the Auto-
Connect feature, or the Connect feature which allows the user to connect as he prefers 
(both in the Object menu), we have to enter the required information in each module.  
Part A Arrive: (Display 4-2) we changed the name to Part A Arrive, and specified as 
Part A the Entity Type; the Time Between Arrivals is set as Random with a Value of 5 
Minutes (following an exponential distribution with a mean of 5 minutes). The remaining 
entries are the default options. 27 
 
 
Display 4-1. Modules Disposition 
 
 
Part B Arrive: (Display 4-3) it is very similar to that for Part A, except for the interarrival 
time (30 minutes instead of 5) and the number of Entities per Arrival reflecting the 
batches of four. 
 
Display 4-2. Part A Arrive  Display 4-3. Part B Arrive 
 
 
Assign Part A Sealer and Arrive Time: (Display 4-4) after having created the arriving 
parts it is necessary to define a Sealer Time attribute and assign it the processing time 
following the TRIA(1, 3, 4) distribution. We add the Arrive Time attribute to record the 
arrival time of the entity; its value is the variable TNOW which provides the current 
simulation time, in this case the time the part arrived or was created. 
Assign Part B Sealer and Arrive Time: here we have to assign the same information 
put in the Assign Part A module, obviously changing the sealer time (here following the 
weibull distribution WEIB). 28 
 
 
Display 4-4. Assign Part A Sealer and Arrive Time 
 
 
Prep A Process: (Display 4-5) the Process module has four possible Actions: 
  Delay: it will cause an entity to undergo a specified time delay; this action does 
not  require  a  Resource.  This  implies  that  waiting  will  occur  and  that  multiple 
entities could undergo the Delay simultaneously.  
  Seize Delay: it provides the waiting and delaying, but it does not release the 
Resource at the end of processing to be available for the next entity. If this Action 
is  used,  it  is  assumed  that  the  Resource  would  be  Released  downstream  in 
another module.    
  Seize Delay Release: this action is similar to Seize Delay, but entities release 
Resource units after Delay.  
  Delay Release: assumes that the entity previously Seized a Resource and will 
undergo a Delay here, followed by the Release for the Resource. 
 
 
Display 4-5. Prep A Process 29 
 
This  module  requires  a  Seize  Delay  Release  Action,  so  is  necessary  to  add  a 
Resource  called  Prep  A.  considering  that  this  area  follows  a  TRIA  distribution,  we 
choose Triangular Delay Type (with minutes as time unit) and 1, 4, 8 as the minimum, 
most likely and maximum value. 
Prep B Process: it is filled out in an almost-identical fashion, with the exception of the 
name,  the  resource  name  and  the  process  time  parameters.  In  this  module  the 
resource name is Prep B, obviously, and the values are 3, 5, 10. 
Sealer Process: (Display 4-6) in this module we simulate the sealer activity. Note that 
the  Sealer  Time  was  defined  in  the  previous  modules,  so  we  can  use  it  as  an 
Expression. When an entity seizes this resource it will undergo a process delay equal 
to the value contained in its sealer time attribute. 
 
Display 4-6. Sealer Process 
 
 
Failed Sealer Inspection: (Display 4-7) this Decide module simulates the inspection 
following the sealer operation with a 2-way by Chance Type. In this model the Percent 
True (9) represents the amount of entities failing the inspection; 9% of entities follow 
the True branch and 91% (the passed items) follow the False branch. 
 
Display 4-7. Failed Sealer Inspection 30 
 
Rework  Process:  (Display  4-8)  the  parts  failing  the  inspection  undergo  this  rework 
activity, set in a similar way to the Sealer Process module but changing the Name, 
Resource Name, and Expression (this module follows an exponential distribution with a 
mean of 45 minutes) 
 
Display 4-8. Rework Process 
 
 
Failed Rework Inspection: (Display 4-9) this Decide module separates the salvaged 
and scrapped parts after the rework operation. The parts following the True branch are 
the scrapped (20%) and the parts following the False branch represent the salvaged 
parts.  
 
Display 4-9. Failed Rework Inspection 
 
 
Record Scrapped Parts: (Display 4-10) the record module provides the ability to collect 
these cycle times in the form of Tallies. We choose Time Interval Type from the list; 
choosing this option Arena records as a Tally statistic the time each entity remains in 
the system (it records the time an entity arrives at the Record module and the Arrive 
time). 31 
 
   
Display 4-10. Record Scrapped Parts  Display 4-11. Record Salvaged Parts 
 
 
Record  Salvaged  Parts:  (Display  4-11)  it  is  completely  analogous  to  the  previous 
Record module 
Record Shipped Parts: is the same as the other two Record modules, except for the 
name. 
Dispose: these three modules differ only in the name (respectively Scrapped, Salvaged 
and Shipped. 
The completed model should look like Display 4-12 now. 
 
 
Display 4-12. Final Outlook 32 
 
4.1.3.Running the Model. 
If we run this model now Arena will perform the simulation forever because no duration 
has been set. In the Run > Setup menu is possible to establish the run parameters. In 
the Project Parameters tab we enter the Title, the Analyst and a Description of the 
project apart from the statistics of interest. In the Replication Parameters we set the 
number of replications (1), the replication length (32 hours) and the base time unit 
(minutes). The screenshots are visible in Display 4-13 and Display 4-14. 
 
Display 4-13. Project Parameters  Display 4-14. Replication Parameters 
 
 
To distinguish Part A from Part B is possible to assign a different picture to each entity. 
Selecting the Entity data module in the Basic Process panel is possible to choose the 
preferred picture for Part A (in this case the blue ball) and Part B (the red ball). 
In  addition,  before  running  the  model  it  is  be  important  to  check  it  for  errors.  It  is 
possible  to  check  the  created  model  by  clicking  the  Check  button  on  the  Run 
Interaction toolbar, the Run > Check Model command or the F4 key on the keyboard. 
In this case the response is a little window with the message “No errors or warnings in 
model” (Display 4-15). 33 
 
 
Display 4-15. Positive Model Check 
 
 
If the model check results in no errors it is possible to run the simulation, using one of 
the different possible ways to do it: Clicking the Go button (►) on the Standard toolbar, 
the Run>Go command, or the F5 key. If the model has not been checked yet Arena will 
first check it, then initialize the model with the data and finally run it. 
After the simulation starts to run it is possible to increase or decrease the speed of the 
model animation by pressing respectively the “>” or the “<” key. During the simulation 
run it is also possible to pause the simulation using the Pause button on the standard 
toolbar, Run > Pause or the Esc key. It is also possible to move entities through the 
system one step at a time by using the Step Button; after that is possible to continue 
the simulation run normally at any time clicking the Go button again. 
 
Display 4-16. Run Toolbar 
 
 
The Run>Run Control option allows to configure a number of other runtime options like 
the Batch Run (No Animation) option, which lets the simulation run much faster. The 
only disadvantage is that it is necessary to terminate the run and reset the animation 
settings in order to get the animation back. This is the best option if the model is large 
and the analyst is interested only in the numerical results (Display 4-16).  
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4.1.4.Viewing the Results 
Running the model to completion, Arena will ask if the analyst wants to see the results. 
Selecting  Yes  Arena  opens  the  default report  (Category  overview  Report).  For this 
model the software shows sections on Process, Queue, Resource and User Specified. 
The User Specified section is present because creating  the model Record Modules 
have been included. 
 
Display 4-17. Animated Results 
 
At the end of a single-replication simulation run, Arena attempts to calculate a 95% 
confidence-interval half width for the steady-state (long-run) expected value of each 
observed statistic, using a method called batch means. Arena first checks to see if 
sufficient  data  have  been  collected  to  test  the  critical  statistical  assumption 
(uncorrelated  batches)  required  for  the  batch-means  method.  If  not,  the  annotation 
“Insufficient” appears in the report and no confidence-interval half width is produced. If 
there  are  enough  data  to  test  for  uncorrelated  batches,  but  the  test  is  failed,  the 
annotation  “Correlated”  appears.  If  there  was  enough  data  to  perform  the  test  for 
uncorrelated batches and the test were passed, the half width of a 95% confidence 
interval on the long-run (steady-state) expected value of the statistic would be given 
(Display 4-18). 
 35 
 
 
Display 4-18. The Queue Section of the Category Overview Report 
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4.2.The Enhanced Electronic Assembly and Test System 
4.2.1.System Description 
In  this  section  the  previous  model  will  be  edited  to  introduce  more  details  so  its 
behavior will be more similar to a real world system. 
This new system operates two eight-hour shifts a day for 10 days and on the second 
shift of every day two operators instead of one are assigned to the rework operation. 
Periodically the sealer machine breaks down but no correction will be made because 
analysts found that the sealer operation is not a bottleneck of the system. The mean 
time from the end of one failure and the onset of the next one is 120 minutes and the 
distribution  of  the  uptime  is  exponential.  The  repair  time  follows  an  exponential 
distribution too with a mean of 4 minutes. 
The factory manager purchased special racks for the rework area that can hold ten 
assemblies each while they are in queue for the rework operation; the question is how 
many racks the buffer needs. 
 
4.2.2 Schedules and States 
To define the new two eight-hours shifts day open the Replication Parameters tab of 
the Run > Setup option and change the Hours Per Day from 24 to 16 (as shown in 
Display 4-19) and the Replication Length to 10 (obviously changing the Time Unit to 
Days). 
To define the Resource Schedule open the Resource data module on the left side of 
the screen and change Rework Type to Based on Schedule and enter the Schedule 
Name, in this case Rework Schedule. 
 37 
 
 
Display 4-19. New Replication Parameters 
 
 
The Schedule Rule can be chosen from three options in the pull-down: 
  Ignore: this option immediately decreases the resource capacity, ignoring the fact 
that the resource is currently allocated to an entity, but “work” on the in-service 
entities continues unabated. When units of the resource are released by the entity 
these units are placed in the Inactive state. The net effect is that the time for which 
the  resource  capacity  is  scheduled  to  be  reduced  may  be  shortened  with  this 
option. 
  Wait:  this  option  will  wait  until  the  in-process entities  release  their  units  of  the 
resource before starting the actual capacity decrease. Thus the reduced capacity 
time will always be of the specified duration, the time between these reduction may 
increase. 
  Preempt: it attempts to preempt the last unit of the resource seized by taking it 
away from the controlling entity. If the preempt is successful and a single unit of 
capacity is enough, then the capacity reduction starts immediately. If the preempt 
is unsuccessful or if more than one unit is needed, then the Ignore rule will be used 
for any remaining capacity. 
We have selected the Ignore option because an operator will finish his task before 
leaving. 38 
 
 
Display 4-20. Rework Schedule 
 
 
To define the schedule rule right click on the Rework Schedule row in the Schedule 
data module and choose Edit via Dialog option. As shown in Display 4-20 add two 
rows: the first with capacity of 1 and duration of 8 (hours) and the second with capacity 
of  2  and  duration  of  8  (hours)  too.  The  data  entered  for  Day  1  will  be  repeated 
automatically for every day of the simulation. 
 
4.2.3.Resource Failures 
The Failure data module can be found in the Advance Process panel (if is not present 
in the Project Bar just attach it). Double click on the Failure data module to add a row. 
The name will be set to Sealer Failure while the type can be set to Count or Time. A 
Count-based failure causes the resource to fail after the specified number of entities 
have used the resource while in our system the failure is a Time-based failure. Up Time 
and Down Time are respectively EXPO(120) and EXPO(4) (exponential distributions 
with mean of 120 and 4 minutes) while the Time Units are set to Minutes. 
 
 
 
Display 4-21. Sealer Resource Failure 39 
 
Now we need to attach it to the Sealer resource: back in the Basic Process panel open 
the Resource data module, click in the Failures column and select Sealer Failure from 
the list as shown in Display 4-21. 
 
4.2.4.Frequencies 
To obtain the required statistics about the number of racks needed at the Rework area 
we use Frequencies. In this case each rack can handle 10 items so we are interested 
in the amount of time the number in queue is: 0, more than 0 but no more than 10, 
more than 10 but no more than 20, more than 20 but no more than 30 or more than 30 
but no more than 40 to establish if no rack, 1 rack, 2 racks, 3 racks or 4 racks are 
needed. 
Frequency  statistics  are  entered  using  the  Statistic  data  module  in  the  Advanced 
Process panel. Double click to add a new row: the name is Rework Queue Stats, the 
Type  is  Frequency  and  Frequency  Type  is  Value.  The  Expression  is  NQ(Rework 
Process.Queue). 
Click now on Categories and add 5 rows as shown in Display 4-22. 
To show the amount of time the Sealer resource is in a failed state just add a new row 
in the Statistic data module. Name is Sealer States, Type is Frequency, Frequency 
Type is State and Resource Name is Sealer. 
 
 
Display 4-22. Categories for Rework Queue Stats 
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4.2.5.Results 
Table 4-2 compares some selected results from the basic model and from thin new 
enhanced model whereas Display 4-23 from Report > Frequencies (in the Project Bar) 
shows the racks required and the Sealer States previously defined. 
Result   Basic Model  Enhanced Model 
Average Waiting Time in Queue     
Prep A  14.62  19.20 
Prep B  26.90  51.42 
Sealer  2.52  7.83 
Rework  456.35  116.25 
Average Number Waiting in Queue     
Prep A  3.17  3.89 
Prep B  3.50  6.89 
Sealer  0.86  2.63 
Rework  12.95  3.63 
Average Time in System     
Shipped Parts  28.76  47.36 
Salvaged Parts  503.85  203.83 
Scrapped Parts  737.19  211.96 
Instantaneous Utilization of Resource     
Prep A  0.9038  0.8869 
Prep B  0.7575  0.8011 
Sealer  0.8595  0.8425 
Rework  0.9495  0.8641 
Scheduled Utilization of Resource     
Prep A  0.9038  0.8869 
Prep B  0.7575  0.8011 
Sealer  0.8595  0.8425 
Rework  0.9495  0.8567 
 
Table 4-2. Selected Results 
 
 
Display 4-23. Frequencies Report 41 
 
CHAPTER 5: A REALISTIC MODEL 
5.1.System Description 
The  system  consists  of  part  arrivals,  four  manufacturing  cells  (Welding  -Cell  1-, 
Hardening  -Cell  2-,  Drilling  –Cell  3-  and  Pressing  –Cell  4-)  and  a  post-processing 
department. Cells 1 and Cell 2 have a single machine each while Cell 3 has two drills; 
one of the two drills at Cell 3 is a newer model that can process parts in 75% of the 
time required by the older drill. Cell 4 has two identical presses and 2% of pressed 
parts require to be pressed again. 
This  system  produces  four  different  part  types,  the  part  steps  and  process  time 
(expressed in minutes and following a triangular distribution) are given in Table 5-1. 
Process times given at Cell 3 are referred to the older and slower drill. 
The interarrival times between successive part arrivals are exponentially distributed 
with a mean of 11 minutes and the first part arrives at time 0. The distribution by type is 
20% Part 1, 35% Part 2, 18% Part 3 and 27% Part 4.  
After the part has been processed it undergoes a digital Quality Control process that 
requires 10 minutes: 85% pass this Quality Control and are sent to the Shipping Station 
while the remaining 15% is divided between rework station (70% of them) and recycle 
station (30% of them). 
At the rework process work Jim, Anna, Paul and Dwayne who follow their schedules 
(their  timetables  will  be  shown  later).  Rework  process  requires  between  9  and  15 
minutes  following  an  uniform  distribution.  The  recycle  process  follows  an  uniform 
distribution too but between 20 and 25 minutes. 
At the shipping station the part is put in a batch of 2 (batches of the same kind of 
product) and then boxed in 3 minutes. 
Parts are then moved from a location to the next of its working process by a cart (there 
are 3 of them in the factory) that can transport one part each with a speed of 65 feet 
per minute and requiring 35 seconds to load or unload the part. 
The distance between each part of the system is shown in Figure 5-1 where “C” means 
Part Creation, “1” means Cell 1, “2” means Cell 2, “3” means Cell 3, “4” means Cell 4, 
“QC”  means  Quality  Control,  “S”  means  Shipping,  “RW”  means  Rework  and  “RC” 
means Recycle. 42 
 
 
Part Type  Cell/Time  Cell/Time  Cell/Time  Cell/Time  Cell/Time 
1  1 
6, 8, 10 
2 
4, 8, 9 
3 
16, 18, 25 
4 
3, 7, 11 
 
2  1 
10, 12, 16 
2 
3, 6, 9 
3 
25, 33, 38 
4 
12, 16, 18 
2 
5, 8, 10 
3  2 
7, 9, 12 
1 
8, 11, 15 
3 
17, 21, 25 
4 
7, 13, 16 
 
4  3 
13, 16, 19 
1 
5, 10, 13 
4 
6, 11, 15 
2 
7, 10, 13 
 
Table 5-1. Part Routings and Process Times 
 
 
 
 
 
 
 
                                   10                 10 
                            8                                   8                                         25 
                      8                                             8         
 
               20                                                        30                                        15 
      
                                                                                                         20 
                      8                                             8         
                            8                                   8 
                                   10                 10                                     50 
 
 
 
 
Figure 5-1. System Layout 
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5.2.Modeling Approach 
The first, most important, peculiarity of this system is that it has to work on four different 
parts that follow different process plans through the system so we need a process plan 
with an automatic routing capability. 
The second characteristic is that in Cell 3 there are two different machines that have 
different process times so we need to distinguish between these two machines. 
The  Sequence  data  module,  on  the  Advanced  Transfer  panel,  allows  to  define  an 
ordered list of stations that can include assignments of variables or attributes at each 
station. 
 
5.3.Building the Model 
5.3.1.Data Modules 
Sequence Data Module: in the Advanced Transfer panel (as usual, if it is not present in 
the Project Bar just attach it) double click to add a new row and enter the name of the 
first sequence, Part 1 Process Plan. Now enter the process steps adding a row for 
each station Part 1 has to pass through and Quality Control as the last row otherwise 
you will get a run-time error when the first entity completes its process route and Arena 
is not told where to send it next. For Part 1 the steps are Cell 1 (step name is Part 1 
Step 1), Cell 2 (step name is Part 1 Step 2), Cell 3 (step name is Part 1 Step 3), Cell 4 
(step name is Part 1 Step 4), Quality Control (step name is Part 1 Step 5). To each of 
these steps add an assignment: set Assignment Type to attribute, Attribute Name to 
Process Time and Value to TRIA(…, …, …) as shown previously in Table 5-1. We will 
use an Expression to define process times for Cell 1 so Assignments have to be made 
only for Cell 2, Cell 3 and Cell 4. In Display 5-1 is shown the procedure for Part 1 
Process Plan, Part 1 Step 2 and Process Time. 
 
 
Display 5-1. Sequence Data Module 44 
 
 
Display 5-2. Expression Data Module 
 
 
Expression Data Module: in the Advanced Process panel we define the expression for 
Cell 1 process time, called Cell 1 Times. These process times could have been put 
previously in the Sequence data module but this is just a different way to operate. As 
shown in Display 5-2 Cell 1 Times Expression contains four rows, the four different 
triangular distributions for each part at Cell 1. 
Variable Data Module: in this Data Module we define Factor Variable (to describe that 
the newer drill processes parts in 75% of the time required by the older one). As shown 
in  Display  5-3  the  new  drill  will  be  referenced  as  1  and  its  factor  will  be  0.75  (to 
describe that it works in 75% of the time) and the old drill will be referenced as 2 with a 
factor of 1.0.  
 
 
Display 5-3. Drill Factors 
 
 
Set Data Module: in this data module we will form sets for Cell 3 drills, Cell 4 presses, 
part pictures, entity types and rework operators. The first Resource set contains Cell 3 
New and Cell 3 Old as members; the Cell 4 Machines has Press A and Press B as 
members;  the  Entity  Picture  set  named  Part  Pictures  contains  Picture.Gear  1, 
Picture.Gear 2, Picture.Gear 3 and Picture.Gear 4 as members; the Entity Type set is 
named Entity Types and has four members: Part 1, Part 2, Part 3 and Part 4 and the 
Rework  Operators  set  has  Jim  Anna  Paul  and  Dwayne  as  members  as  shown  in 
Display 5-4. 
 
 
Display 5-4. Set Data Module 45 
 
 
Display 5-5. Advanced Set Data Module 
 
 
Advanced Set Data Module: this Data Module, visible in the Advanced Process panel 
of the Project Bar lists three different types: Queue, Storage and Other. The Other 
option allows to form sets of any similar Arena objects. Using this option our new set, 
called Part Sequences, will contain three members (as shown in Display 5-5): Part 1 
Process Plan, Part 2 Process Plan, Part 3 Process Plan and Part 4 Process Plan. 
 
 
Display 5-6. Schedule Data Module 
 
 
Schedule Data Module: Jim, Anna, Paul and Dwayne work 8 hours a day each and in 
Table 5-2 are shown their daily timetables so four different timetables have been added 
in  this  module  (Display  5-6).  Remember  to  add  Capacity  0  after  working  hours  to 
complete the 24-hour day. 
 
 
                         0                        6                       12                      18                       24 
                                                 
Jim                                                 
Anna                                                 
Paul                                                 
Dwayne                                                 
 
Table 5-2. 
 
 
Transporter Data Module: in the Transporter Data Module we have to insert that three 
carts are available. Our carts are Free-Path which means that carts can move freely 
through the system without delays due to congestion. As shown in Display 5-7 their 
speed is 65 units per minute (in our example distances are expressed all in feet and 
speeds in feet per minute) and the initial position is at the Order Release Station. 46 
 
 
Display 5-7. Transporter Data Module. 
 
 
Distance  Data  Module:  in  the  Cart.Distance  entry  we  have  to  patiently  add  all  the 
distances from each station to all other stations of the model remembering that in the 
Cells part of the system carts move only in clockwise direction. 
Run Setup: in the Run > Setup dialog box we change the Replication Length to 10 
days and set the Base Time Units as Minutes 
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5.3.2.Logic Modules 
Create Parts: this first module, named Create Parts, uses a Random distribution with a 
mean of 11 minutes to generate the arriving parts (as shown in Display 5-8). 
 
Display 5-8. Create Parts Module 
 
 
Assign Part Type and Sequence: in this module we associate a sequence to arriving 
entities and define an index, Part Index, for our sets that will allow us to associate the 
proper sequence, entity type and picture to each arrival. To determine which part type 
has arrived we use a Part Index Attribute following a discrete distribution with given 
cumulative probabilities. Entity.Sequence Attribute with Part Sequences (Part Index) 
value associates the created entity to the proper part sequence (all of these attributes 
are shown in Display 5-9, Display 5-10, Display 5-11 and Display 5-12). To associate 
the proper entity picture and type for the newly arrived entities we use the Entity.Picture 
and Entity.Type attributes. 
 
                      
                      Display 5-9. Part Index                           Display 5-10. Entity.Sequence 
 
                                          
                  Display 5-11. Entity.Picture                             Display 5-12. Entity.Type 
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Order Release Station: this module from the Advanced Transfer panel will be defined 
when we send the entity through a station module, which will define the station ad tell 
the software that the current entity is at that location (Display 5-13). 
 
Display 5-13. Order Release Station 
 
 
Start Sequence: (Display 5-14) this Leave module transfers an entity to the first station 
defined in the Process Plan. The Delay of 35 seconds means that the cart needs 35 
seconds to load each part before being ready to move it. The other entries show that 
this module requires a cart to transfer parts and it requests the nearest idle one. 
 
 
Display 5-14. Start Sequence 49 
 
 
Display 5-15. Welding Station Enter module 
 
 
Cell  1  Modules:  the  welding  system  is  composed  of  an  Enter  module,  a  Process 
module and a Leave module. As Shown in Display 5-15 the Welding Station has been 
called Cell 1 and it provides the location to which a part can be sent; as described 
before carts need 35 seconds to unload the part and then they are free to collect other  
 
 
Display 5-16. Welding Process 
 
 
parts from other locations. Welding Process module’s delay time has been previously 
defined in the expression so, as shown in Display 5-16, we have entered the Cell 1 
Times  expression  using  the  Part  Index  attribute  to  reference  the  appropriate  part-
processing time. After the process the entity is sent to the Leave module (Display 5-17) 
where it is routed to the next step. 50 
 
 
Display 5-17. Route from Welding Station 
 
 
Cell 2 Modules: the three modules (Enter, Process and Leave) are very similar to Cell 1 
modules with the only exception that in Hardening Process time expression we put 
Process Time, recalling the times previously put in the Sequence data module. 
Cell 3 Modules: the Enter and the Leave modules are exactly the same of Welding and 
Hardening Cells but the Drilling Process is different because  we have two different 
drills with a different process time. As shown in Display 5-18 we put Cell 3 Machines 
set in the resource section; the default selection rule (Cyclical) has been selected. The 
cyclical selection rule causes the entity to select the two resources alternately but if 
only one resource is available it will be selected anyway.  
 
Display 5-18. Drilling Process 51 
 
Cell  4  Modules:  the  pressing  process  has  a  2%  failure  rate  so  after  the  Pressing 
Process module we put a Decide Module (Display 5-19) with a 98 Percent True. The 
True branch goes to the Leave module while the False branch goes to the Process 
module again. 
 
Display 5-19. Decide Module 
 
 
Welding  Failures:  the  welding  robot  has  a  Down  Time  following  an  exponential 
distribution with a mean of 60 minutes after an Up Time of 1500 minutes following an 
EXPO distribution too so in the Failure data module (Advanced Process) we insert a 
Welding Failure row and in the Resource data module we add a failure row for Cell 1 
Machine (Display 5-20). 
 
Display 5-20. Welding Failure 
 
 
Quality Control Modules: after the Quality Control Enter module the four different parts 
undergo a Quality Control process with a constant process time of 10 minutes (the 
automatic quality control needs the same time for each part) and then is sent to a 
Decide  module  (“Control  Passed?”)  with  an  85%  success  rate.  If  the  part  passes 
successfully  the control then is sent to the Shipping station otherwise  with another 
Decide module we see if the part is repairable or  not. The second Decide module 
(“Repairable?”) has a 70 Percent True and the parts following the True branch are sent 
to  the  Rework  Station  while  the  parts  following  the  False  branch  are  sent  to  the 
Recycle Station both with a Leave module (now specifying the destination). 
Rework Modules: after the usual Enter module we find the Rework Process module. In 
the Set data module we have put the Rework Operators set and in the Schedule data 
module their timetables. In the Resource data module we match each employee with 
his  schedule  choosing  Based  on  Schedule  capacity  and  matching  each  schedule 52 
 
name. As shown in Display 5-21 in the Rework Process module Quality Personnel set 
has been added as a resource with a cyclical selection route. As described before the 
delay type is UNIF(9, 15) Expression. After this process reworked parts are sent to the 
Shipping Station. 
 
Display 5-21. Rework Process 
 
 
Recycle Modules: the Recycle Process requires an Uniform delay time with a minimum 
of 20 and a maximum of 25 minutes. Obviously before this Process module an Enter 
module  has  been  put  to  receive  parts  from  the  Quality  Control  division.  Finally  a 
Dispose module has been added. 
 
Shipping Modules: in this system parts are shipped in batches of 2 of the same part 
type so after the familiar Enter module we introduce a Batch module (Display 5-22). 
Entities arrive at this Batch module and are places in a queue; when two entities of the 
same type are accumulated, a single permanent entity leaves the module. After this 
module the batched entities need a 3 minutes Boxing Process before being shipped 
with a Dispose module. 
 
Display 5-22. Batch Module 53 
 
5.4.System Animation 
Distances 
All parts are transferred from a cell to the next of its schedule in a clockwise sense. 
First of all click the Station button on the Animate Transfer tool bar and locate all the 9 
stations of the system. Then clicking on the Distance button (always on the Animate 
Transfer tool bar) draw all the routes from each station to the other eight remembering 
to follow the correct clockwise direction. 
After having placed all the necessary distances draw the borderlines of the system 
creating a factory layout large enough to let the entity pictures move inside giving a 
realistic sensation. 
Entity Pictures: to create customized entity pictures open Edit > Entity Pictures, choose 
the  starting  picture,  add  it  to  the  right  column  (selecting  it  on  the  left  column  and 
pressing “››”) and double click on it. After having edited it just close the window and 
copy it back to the left column assigning the corresponding entity on Value. For this 
model Part 1 picture will be a gear with a “1” inside, Part 2 picture will be a gear with a 
“2” inside, Part 3 picture will be a gear with a “3” inside of it and Part 4 picture will be a 
gear with a “4” inside (as shown in Display 5-23). 
 
Display 5-23. Entity Pictures 
 
 
Resource Pictures 
From the Tools > Arena Symbol Factory choose and edit the pictures for all the 11 
resources  of  the  system  and  locate  them  near  the  previously  located  animation 
stations. Pictures chosen for the 6 working resources (Drill Process has two different 
drills whereas the two presses have the same picture because they are identical) are 
shown in Display 5-24 in both Idle and Busy states. 
 
Display 5-24. Cell 1, Cell 2, Cell 3 and Cell 4 Resources Pictures 54 
 
 
 
 
 
             
Display 5-25. Jim, Anna, Paul and Dwayne 
 
 
Next add pictures for the four Rework employees, the Quality Control computer, the 
Boxing Process and the Recycle machine. Remember that each Rework employee can 
be Idle, Busy or Inactive. In Display 5-25 are shown the pictures chosen for the four 
employees in their 3 status. In the Display 5-26 are shown pictures for the Quality 
Control, Boxing and Recycling resource. 
       
Display 5-26. Quality Control, Boxing and Recycling Pictures 
 
 
Now locate the Queues next to each Station and then click on the Parking button on 
the Animate Transfer toolbar to locate the parking for the incoming carts; to create cart 
pictures click on the Transporter Button, always on the Animate Transfer toolbar. 
Display 5-27 shows the completed animation before running the model. 
 
Display 5-27. Completed Animation 55 
 
5.5.System Overview 
Here is shown a display for each part of the system. 
 
 
Display 5-28. Parts Creation 
 
 
 
 
 
Display 5-29. Welding, Hardening, Drilling and Pressing 
 
 
 
 
 
Display 5-30. Quality Control 
 
 
 
 
 
Display 5-31. Rework 
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Display 5-32. Boxing and Shipping 
 
 
 
 
 
 
 
 
 
Display 5-33. Complete System 
 
 
 
 
 
 
Display 5-34. Running Animation 
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CONCLUSION 
Arena’s potentials are extremely high, thank to an user friendly interface and to the 
flexible  model  creation  system:  from  logistic  to  transport  networks,  from  medical 
services to product distribution, from financial institutes to warehouse management. 
Graphic  elaborations  help  to  represent  the  most  complex  schemes  and  simulation 
results are provided in the clearest way possible helping even the most inexpert user to 
understand them and to detect critical areas like bottlenecks or insufficient usage of 
resources 
During this work fundamental elements have been introduced to make up a model in 
Arena, and then these elements were analyzed in detail during the creation of realistic 
models, from basic ones to a more complex and detailed simulation. 
The most important advantages in using Arena software are: 
  Affordable price 
  Software flexibility 
  Easiness to learn Arena language, model creation and results comprehension 
  Schematic representation of simulation results 
  Widespread of the software in industrial field 
  Integration with different programming languages. 
 
Summarizing  Arena gives  maximum flexibility  and  allows  to  create  a complete  and 
realistic  model  of  any  industrial  field,  at  an  affordable  price  and  with  extremely 
complete and incisive results. 58 
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If you can't explain it simply,  
you don't understand it well enough.  
 
(Albert Einstein) 
 